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INTRODUCTION
De novo cavernous hemangioma (CH) is the second most com-
mon vascular malformation of the central nervous system, with 
an incidence of approximately 0.5%.1 Patients present with 
headache, neurologic deficits, or seizures. Currently, magnetic 
resonance imaging (MRI) is the most sensitive and accurate di-
agnostic tool for de novo CH, and typically reveals an enhanc-
ing multiloculated cystic lesion with popcorn- or mulberry-like 
features on both T1- and T2-weighted images, due to clustered 
capillaries and venules that bleed periodically.2 Histologically, 
de novo CH is composed of proliferating ectatic, single-endo-
thelial lined abnormal vessels that lack smooth muscle, and ab-
sence of intervening brain parenchyma within the lesion is also 
characteristic. Old hemorrhage and reactive gliosis are fre-
quently found at the periphery of the lesion. Most de novo CHs 
occur sporadically, although some patients have a family histo-
ry of CH related to mutations in the cerebral cavernous malfor-
mation (CCM) genes, CCM1, CCM2, and CCM3. So far, these 
mutations have been most frequently observed in Hispanic-
Americans of Mexican descent. Briefly, these gene are thought 
to be involved in generation of abnormal vessels and affect 
brain parenchyma surrounding the endothelial cells.3
Some sporadic cases of CH have been described as late com-
plications of cerebral radiation.4,5 Stereotactic radiosurgery 
(SRS), initially introduced by Leksell,6 is now widely applied to 
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patients with various brain lesions, including primary brain tu-
mors,7,8 metastatic lesions,9,10 and vascular malformations.11,12 
Some patients who receive SRS develop a localized vascular, tu-
mor-like lesion at the treatment site, months or even years after 
treatment.13 Together with hemorrhage after brain irradiation, 
these lesions described as a “radiation-induced cavernous hem-
angioma” (RICH),14,15 although some authors refer to such le-
sions as “radiation-induced telangiectasia”.16,17 Similar to de novo 
CHs, RICHs present as enhancing lesions on MRI and are found 
to be composed of vasculature and hemorrhage upon histolog-
ical examination. So far, there has been no thorough histologic 
review of RICHs following SRS in comparison to de novo CHs. 
In the present study, we compared the histological and MRI 
findings of RICHs following SRS to those of de novo CHs.
MATERIALS AND METHODS
Patients 
From January 2009 to December 2013, 89 patients received sur-
gical removal of CHs at Severance Hospital. Among them, 7 pa-
tients had history of treatment with SRS due to brain tumor or 
vascular malformation and were diagnosed with CH and/or 
RICH on follow up MRI. Considering the clinical history of pri-
or SRS, these 7 patients were regarded as RICH patients. Since 
one of 7 patients received two neurosurgeries for removal of re-
current hemorrhage, which were diagnosed as CHs on MRI, a 
total of 8 RICHs were included. For comparison, 10 cases of de 
novo CH were selected from amongst 89 patients. This study 
was approved by the Institutional Review Board of Severance 
Hospital (4-2014-0449).
Histopathological examination
Sections from formalin-fixed paraffin-embedded tissue were 
used for Masson trichrome (TRC) staining of collagen and for 
immunohistochemistry with antibodies against alpha-smooth 
muscle actin (α-SMA) (1A4, 1:1000, Dako, Glostrup, Denmark) 
and CD68 (PG-M1, 1:100, Dako). Briefly, 4-μm-thick paraffin 
sections were deparaffinized and rehydrated by xylene and al-
cohol solution. Immunohistochemistry was performed using 
the Ventana Discovery XT automated stainer (Ventana Medical 
System, Tucson, AZ, USA). Antigen retrieval was performed us-
ing CC1 buffer (Cell Conditioning 1; citrate buffer pH 6.0, Ven-
tana Medical System). Appropriate positive and negative con-
trols for immunohistochemistry were included.
In addition to the hematoxylin and eosin-stained sections, 
immunohistochemical and trichrome stains from all 17 pa-
tients were reviewed to examine histological features, assessed 
by two pathologists (YJC and SHK), using light microscopes. 
The available gross photographs and gross descriptions from 
the pathologic reports of RICH and CH cases were also re-
trieved.
Review of MRI findings
A blinded review of MRI findings for patients with RICH and 
CH was performed by two radiologists (HJS and JEK). All MRI 
scans of the RICHs were obtained at the time of diagnosis of 




The 7 RICH patients comprised 2 men and 5 women, aged 25–
43 years (mean, 35.3 years). The mean latent period from SRS to 
RICH removal was 11.6 years (range, 5–17 years), and the mean 
size of the RICH lesions was 3.4 cm (range, 2.9–5.1 cm). Initial 
diagnoses prior to SRS were pilocytic astrocytoma in 2 patients, 
arteriovenous malformation in 2 patients, diffuse astrocytoma 
in 1 patient, glioblastoma in 1 patient, and anaplastic astrocyto-
ma in 1 patient. The clinical characteristics of the patients are 
summarized in Table 1. These 7 patients had undergone SRS for 
a brain tumor or vascular malformation from 5 to 17 years prior 
to neurosurgery for RICH removal. Preoperative diagnoses of 
RICH were made on the basis of MRI findings considering pa-
tient history. The 10 patients with de novo CH consisted of 7 
men and 3 women, aged 1–52 years (mean, 34.7 years). The 
mean size of de novo CHs was 2.1 cm (range, 0.9–4.0 cm).
Gross and microscopic evaluation
On gross examination, the cut surfaces of RICH lesions exhibit-
Table 1. Clinical Profiles of Patients with Radiation-Induced Cavernous Hemangioma 
Case number Sex Age (yrs) Primary lesion Location Size (cm) Latency (yrs)
1 Male 25 Pilocytic astrocytoma Left thalamus 2.9 13
2 Male 32 Arteriovenous malformation Right occipital lobe 5.1 11
3 Female 30 Pilocytic astrocytoma Right frontal lobe 4.3 11
4 Female 34 Arteriovenous malformation Left parietal lobe 2.7 10
5 Female 35 Diffuse astrocytoma Midbrain 2.9 11
6 Female 42 Glioblastoma Right temporal lobe 2.1 5
7* Female 41 Anaplastic astrocytoma Left parietal lobe 4.0 15
8* Female 43 Anaplastic astrocytoma Left parietal lobe 3.0 17
*Cases 7 and 8 are separate events in the same patient.
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ed relatively well-defined, homogenous hematoma-like lesions 
(Fig. 1A). In contrast, de novo CHs showed localized hemor-
rhage with discernible vascular structures, were filled with clot-
ted fresh blood, and were surrounded by brown hemosiderin-
tinged brain parenchyma (Fig. 1B). Microscopically, RICHs 
showed irregular, partly compressed capillary-sized vascular 
channels, with capillary proliferation-like area in the center of 
the lesion (Fig. 1C), whereas de novo CHs were composed of 
thick, well-formed vessels (Fig. 1D). Upon α-SMA staining, the 
centrally located capillary-like lumens of the RICHs lacked 
α-SMA expression (Fig. 1E), while endothelial cell-lined lumens 
of ectatic vessels of de novo CHs were well-delineated (Fig. 1F).
Collagen content in vessels differed between RICH and de 
novo CH, which was contrasted by TRC. Ectatic vessel walls of 
Fig. 1. Gross and microscopic findings of radiation-induced cavernous hemangioma (RICH) following stereotactic radiosurgery and de novo cavernous 
hemangioma (CH). RICH shows a hematoma-like cut surface without grossly identifiable vascular structure (A), while cut surfaces of de novo CH show 
clustered variable sized vessels containing fresh and old hemorrhage, surrounded by hemosiderin-tinged brain parenchyma (B). Microscopically, RICH 
shows hematoma like-area without recognizable vasculature (C), whereas CH consists of clusters of vascular lumens lined by endothelial cells (D). With 
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RICH lesions were thin and less hyalinized, compared to the 
thick, hyalinized walls of CH (Fig. 2A-D). With CD68 staining, 
RICH showed infiltration of foamy macrophages into vessel 
walls (Fig. 2E), whereas only scattered macrophages, located in 
old hemorrhage and outside of vessel walls, were found in de 
novo CH (Fig. 2F). Among the RICH cases, there was no identi-
fiable residual tumor or accompanying de novo CH. 
Fig. 2. Radiation-induced cavernous hemangioma (RICH) shows thin-walled vessels with fibrin and infiltrating foamy macrophages in the vessel walls (A). 
On the contrary, cavernous hemangioma (CH) consists of thick walled ectatic vessels sharing a common wall (B). This difference is further highlighted by 
trichrome staining, in which RICH lacks hyalinization in vessel walls (C) and CH shows prominent hyalinization (D). CD68 staining underscores the collec-
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Radiologic findings
By adjunct comparison with MRI findings, RICHs showed 
some distinct and overlapping features with de novo CHs. All 
RICHs showed enhancing cystic and solid components on a 
T2-weighted image with perilesional edema. Six out of 8 RICHs 
had a uniloculated cyst rather than a multiloculated cyst, which 
is a common finding in de novo CH. Half of RICHs had no pop-
corn-like appearance, while the other half showed an incom-
plete popcorn-like appearance accompanied by only occasion-
al, partial hemosiderin rims (Fig. 3A-D). Nevertheless, all 10 de 
novo CHs exhibited a classic popcorn-like appearance with a 
complete hemosiderin rim on T2-weighted sequences and 
mild or absence of perilesional edema (Fig. 3E, F, and G).
DISCUSSION
RICH has been studied in children with leukemia as a late com-
plication of brain irradiation.15,18,19 In patients who underwent 
cranial irradiation during childhood for the treatment and pre-
vention of hematologic malignancies, such as acute lympho-
blastic leukemia, cerebral hemorrhage can develop after sever-
al years.18 Both CH and telangiectasia have been reported as 
possible complications of brain irradiation, and the terms have 
been used to describe vascular lesions.4,18,20 There have been 
studies about the relationship between brain irradiation during 
childhood and development of RICH.20,21 Heckl, et al.15 con-
cluded that the younger the patient was at the time of radiation 
treatment, the more likely a hemorrhagic event was to develop. 
In adults, a few RICHs following radiotherapy to treat arteriove-
nous malformation or a tumor have been reported,22,23 and the 
dose of radiation seems to be associated with the risk of devel-
oping RICH.4 Regarding the development of RICH, two models 
have been proposed: one model suggests that RICH is a de novo 
response to the radiation. Another model suggests the possibili-
ty of bleeding from a preexisting occult CH.19 In a previous study 
of the role of structural proteins and angiogenic factors in CH, 
vascular endothelial growth factor (VEGF) and basic fibroblast 
growth factor were highly expressed in CH.24 Since radiation 
may induce deterioration of the brain blood barrier, hypoxia 
and subsequent release of VEGF may follow,25 and elevation of 
VEGF levels could play a role in the development of RICH.
Ionizing radiation and SRS are now widely used to treat a va-
riety of brain lesions, from tumors to vascular malformations.26,27 
However, radiation induces variable histologic changes in the 
brain parenchyma, including edema, as an early effect, and 
spongionecrosis, reactive gliosis, and telangiectasia, as late ef-
fects.28,29 Fibrinoid necrosis, hyaline fibrous degeneration, peri-
vascular macrophage collection, telangiectasia, and hemor-
rhage are results of vascular alteration by radiation.30-33 As a late 
complication of whole brain irradiation and SRS, cerebral hem-
orrhage has been grouped as RICHs34,35 or radiation-induced 
Fig. 3. (A-D) Radiological comparison of radiation-induced cavernous hemangioma (RICH) and de novo cavernous hemangioma (CH). Although a pop-
corn-like appearance and partial hemosiderin rim in RICH overlap with CH, other atypical findings such as an unilocular cystic area with some solid com-
ponent and prominent perilesional edema are distinguishing features of RICH. (E, F, and G) A popcorn-like appearance, complete hemosiderin rim, and 
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telangiectasia.16,17 Diagnoses thereof are made based on MRI 
findings rather than histologic examination.23,36,37 Unlike ioniz-
ing radiation, SRS emits a much higher dose of radiation to a 
small target area, leading to the shrinkage of the target le-
sion,38-40 which in turn results in a small cavitary lesion in the 
center of the focal area. We hypothesized that RICH may origi-
nate from this cavitary lesion rather than malformation of ves-
sels. After tissue destruction, this newly-made small cavity 
would be filled with blood. Spillage of fibrin would then inhibit 
further extension of the hemorrhage, and finally, a stabilized 
hematoma would be made. In support of our hypothesis, the 
locations of RICHs were identical to the sites of SRS, where prior 
tumors or vascular malformations existed. The proliferation of 
thin-walled vasculature and macrophage collection in RICHs 
are more likely to be radiation-related changes, and greatly dif-
ferent from de novo CH.
Although RICHs have been diagnosed with MRI, radiologic 
findings of RICHs differed from de novo CHs. While all de novo 
CHs in current study were typical multiloculated lesions with a 
popcorn-like appearance and a complete hemosiderin rim, 
none of the RICHs satisfied these features. Instead, most RICHs 
showed mixed intensity with an enhancing cystic and/or solid 
component and an incomplete hemosiderin rim, findings that 
would be insufficient for a diagnosis of de novo CH.
In terms of patient treatment, de novo CH warrants immedi-
ate treatment through surgical removal, because of the risk of 
intracranial hemorrhage. However, the treatment algorithm for 
RICH is not well established. Several studies have shown that a 
sizable proportion of patients with a RICH present with a sei-
zure due to intracranial hemorrhage,5,21 although some authors 
have suggested that RICH tends to more often be asymptomatic 
and have a relatively low risk of intracranial hemorrhage.15,16 Al-
though surgical intervention is required to remove de novo CH 
and/or RICH, surgery itself involves the risk of a neurologic def-
icit. We hypothesized that, since RICH is an inactive hemato-
ma-like lesion, it may follow a more asymptomatic and safe 
course than de novo CHs, which harbor abnormal vessels bear-
ing shear stress from circulating blood flow. However, the natu-
ral course of RICH has yet to be established, and a more precise 
study with a larger cohort is needed. 
In summary, we reviewed hemorrhagic lesions following SRS 
that have been referred to as RICH. We found that these lesions 
are distinct from de novo CH in regards to their histologic and 
radiologic features. Since RICH is a rare condition and a small 
number of cases were included in current study, well-estab-
lished radiologic and histologic features should be investigated. 
Further validation with a larger cohort accompanied with mo-
lecular studies, such as CCM gene mutation analysis, would 
help to elucidate the pathogenesis of RICH and its clinical im-
plications. In conclusion, we suggest that RICH following SRS is 
more likely to be an inactive organizing hematoma rather than 
to involve the proliferation of malformed vasculature. Accord-
ingly, the term “radiation-induced cavernous hemangioma” is 
inappropriate to describe this lesion, and we carefully suggest 
the term “radiation-induced organizing hematoma.”
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